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TN SITU HYBRTD TZATION METHOD 

5 This application is a continuation-in-part of co- 

owned, co-pending U.S. Application 07/755,291, filed 4 
September 1991. 

1. Field of the Invention 

10 The present invention relates to a diagnostic method 

for performing in situ hybridization with double-stranded 
DNA targets. 
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In situ hybridization employs direct hybridization 
of a DMA probe with DMA or RNA in biological structures, 
typically permeabilized cells, subcellular fractions, or 
fixed chromosome preparations. Because the method can 
yield morphological information about the localization of 
specific-sequence target nucleic acid(s) in fixed 
biological structures, it is applicable to many areas of 
biomedical research, such as developmental biology, cell 
biology, genetics and particularly gene mapping, 
pathology and gene diagnostics. 

In most applications, in *itu hybridization is 
directed toward a target sequence in a double-stranded 
30 duplex nucleic acid, typically a DNA duplex associated 
with a pathogen or with a selected sequence in viral or 
cell chromosomal DNA. In this method, as it has been 
practiced heretofore, a single-stranded labeled probe is 
added to the permeabilized structure, which has been 
35 heated to a temperatur suff i lent t denature the target 
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duplex nucleic acid, and the probe and denatured nucleic 
acid are allowed to react under suitable hybridization, 
or reannealing conditions . After removal of unbound 
(non-hybridized) probe , the structure is processed for 
5 examination for the presence of reporter label, allowing 
the site(s) of probe binding to target duplex nucleic 
acid to be localised in the biological structure, i.e., 
in the context of cell or subcellular morphology. 

The method has been widely applied to chromosomal 
10 DNA, for mapping the location of specific gene sequences, 
and distances between known gene sequences (Lichter, 
Meyne, Shen}, for studying chromosomal distribution of 
satellite or repeated DMA (Weier, Narayanswami, Meyne, 
Moyzis, Joseph, Alexandrov) , for examining nuclear 
15 organisation (Lawrencet, Disteche, Trask) , for analyzing 
chromosomal aberrations (Lucas) , for localizing DNA 
damage in single cells or tissue (Baan) and for 
determining chromosome content by flow cytometric 
analysis (Trask) . Several studies have reported on the 
20 localization of viral sequences integrated into host-cell 
chromosomes (e.g., Herders, Lawrence, Lichter, Korba, 
Simon) . The method has also been used to study the 
position of chromosomes, by three-dimensional 
reconstruction of sectioned nuclei (van Dekken) r and by 
25 double in situ hybridization with mercurated and 

biotinylated probes, using digital image analysis to 
study interphase chromosome topography (Emmerich) . 

Another general application of the in situ 
hybridization method is for detecting the presence of 
30 virus in host cells, as a diagnostic tool (Unger, Haase, 
Noonan, Niedobitek, Blum) . in certain cases where the 
number of virus particles in the infected cell is very 
low, it may be necessary to first amplify viral sequences 
by in situ ad pted polymerase chain reaction (PCR) 
35 methods (Haase, 1990, Buchblnder) . 
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The in situ hybridisation method described above has 
a number or limitations. The most serious limitation i! 
the requirement for denaturing the duplex target dna t 
form the necessary single-stranded form of the taroei 
5 Denaturation typically is performed by heating the sample 
or treating with chemicals and heat. The heat treatment 

acid being examined, related to structural changes and 
nucleic acid reassociation with M M >f ai a 
10 th« nw* mw repeated sequences within 

10 the dna. The repeated DNA sequences can randomly 

reassociate with one another. The step also adds to the 
time and effort required in the method. 

Secondly, where the target sequence of interest is 
present in very low copy number, the method is limited 
15 by renaturation kinetics, to long renaturation times. ' 
Even then, the method may be Incapable of producing 
probe/target renaturation events at low target 
concentration. This limitation may be partly overcome, 
as indicated above, by first amplifying the target duplex 
20 in situ by modified pcr aethods. However, the pgr 

approach involves additional steps, and may be unsuitabl 
for many in situ studies, such as those involving 
localization of genomic chromosomal DNA sequences. 

It is therefore a general object of the present 
invention to provide an in situ hybridization method, for 
use in detecting and/or localizing target nucleic acid 
typically duplex DNA, in a fixed biological structure, 

30 which (a) does not require heat denaturation of the 

target duplex, and (b) is not limited in target duplex 
copy number by renaturation kinetics. 

The" present invention includes a method of 
identifying the presence of a known target sequence in a 

i5 double-stranded nucleic acid contained in a cellular or 
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subcellular bi 1 gical structure, In a specific 
morphological relationship with the structure. The 
method includes adding to the structure, a probe complex 
composed of RecA protein stably bound to a single- 
5 stranded, reporter-labeled nucleic acid probe which is 
complementary to one of the strands of the duplex target 
seguence, under conditions in which the complex can 
contact the duplex nucleic acid. The complex is allowed 
to bind to the target seguence under non-denaturing 
10 conditions. After removing unbound complex, the 

structure is examined for the presence of the reporter- 
labeled probe bound to the nucleic acid. 

The complex is preferably stabilized by preparation 
in the presence of ATP-yS. The probe may be labeled with 
15 a detectable reporter, such as a radiolabel, enzyme or 
f luorescence tag, or with a ligand, such as biotin or 
digoxigenin, which can. be subsequently reacted with a 
reporter molecule specific for the ligand, and carrying a 
detectable reporter. The complex may also be stablized 
20 using other eof actors including, but not limited to, 

ATP7S, CTP7S, ATP, dAXP and a combination of ATP-yS and 

ADP. 

In one general application, the method is used for 
detection and localization of genomic seguence (s) in 

25 fixed chromosome DMA structure (s) in metaphase spreads. 
In oAe embodiment 9 the microscopic ultrastructure of the 
chromosomes is determined, for example, by fluorescence 
microscopy, using fluorescence banding patterns. The 
location of the bound complex in relation to the known 

30 ultrastructure is then determined independently, for 
example, by a fluorescence-labeled probe complex whose 
fluorescence excitation wavelength is different from that 
of the clfromoaome banding fluorescence. Alternatively, 
fixed cells or cellular structures are probed in 

35 suspension foil wed by flow cytometric or microscopic 



WO 93/05177 



PCI7JP92/01128 



15 



analysis. 

in an ther general application, the method can be 
used for detecting the presence of virus or integrated 
virus-specific genomic sequences in a host cell. The 
5 binding of a fluorescence-labeled probe to the virus 
sequence may be determined by fluorescent microscopy or 
fluorescence activated cell sorting (FACS) or a light or 
fluorescent or laser scanning microscope, where an 
enzyme label is used a light microscope can be used to 
10 visualize colored (e.g., black) peroxidase or alkaline 
phosphatase product produced by the reporter enzyme. 

Another embodiment of the present invention includes 
a method of identifying the presence of a known viral 
nucleic acid target sequence contained in a fixed 
cellular or subcellular biological structure, such known 
viral nucleic acid targets include known dna viruses 
(such as hepatitis B virus) or SNA viruses that can have 
a detectable duplex nucleic acid phase in their life 
cycle, in this method, the fixed structures or 
substructures can be incubated in 10 mH Tris-acetate 
buffer, pH7.5, at 55-60'C before the addition of the RecA 
probe complex in order to increase reaction efficiency: 
this step does not denature the cellular DNAs. 

The present invention also includes a method or 
detecting a single copy nucleic acid sequence, typically 
a duplex DNA sequence, contained in a cellular or 
subcellular biological structure, in this method the 
cellular or subcellular biological structure (s) are 
fixed. A probe complex (composed of RecA protein stably 
30 bound to a single-stranded, reporter-labeled probe which 
is complementary the single-copy nucleic acid target 
sequence) is added to the cellular structure or 
substructure under conditions in which the complex can 
contact the nucleic acid target sequence. The complex is 
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then allowed to bind t the target sequence under n n- 
denaturing conditions. Unbound complex is then removed 
from the structure and the structure is examined for the 
presence of the reporter-labeled probe bound to the 
5 nucleic acid. 

In this method of single-copy nucleic acid 
detection, the cellular structures or substructures can 
be fixed and analyzed in solution or on slides • The 
fixing can also include incubatation of the fixed 
10 structures or substructures in 10 mM Tris-acetate buffer/ 
pH7.5, at 55-60*C» In the method of the present 
invention, the complex can be bound to the target 
sequence under non-denaturing conditions in reactions 
carried out for less than 2 hours* 

The method of the present Invention . can also Include 
the addition of accessory proteins, such as single-strand 
binding protein (SSB) , topoisomerase I or topoisomerase 



The present invention also includes kits containing 
20 components useful to carrying out the methods described 
above. One example for a kit for in situ detection of a 
known viral nucleic acid in a sample may include (i) a 
probe derived from the viral DNA sequences, (li) RecA 
protein effective for coating the probe, and (iii) means 
25 of detecting the binding of the probe to the known viral 
DNA in a sample. Such kits may also include RecA-protein 
coated DNA. 

These and other objects and features of the 
invention will become more fully apparent when the 
30 following detailed description of the invention is read 
in conjunction with the accompanying drawings. 

5. Brief Description of the Figures 

Figur s 1A and IB ar fluorescence photomicrographs 
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f chromosome x alpha satellite DNA probe us d for 
detection or de ondensed r partially decondensed alpha 
satellite chromosomal centromeric DMA target sequences in 
native, nondenatured (1A) and heat-denatured (ib) 
methanol-acetlc acid fixed Interphase HEp-2 cell nuclei ; 

figures 2A and 2B are fluorescence photomicrographs 
of alpha satellite DNA probe to chromosome 7 used for 
detection of decondensed chromosomal centromeric dna 
target sequences in native, nondenatured <2A) and heat- 
denatured (2B) fixed nuclei in interphase HEp-2 cells; 

Figures 3A and 3B are photomicrographs taken under 
fluorescence microscopy (3A) and phase microscopy (3B), 
at the same focus, showing the distribution of chromosome 
X alpha satellite DNA in a dividing fixed HEp-2 cell 
IS nucleus. 

Figures 4A-4D illustrate steps for gene localization 
on a chromosome, employing the method of the invention; 

Figures 5-10 show various types of chromosomal 
aberrations (upper frames A) , and the corresponding 
20 fluorescence pattern which would be seen with such 
aberrations (lower frames B) ; and 

Figures 11A-11C illustrate the steps in detecting 
virus infection of cells, by fluorescence activated cell 
sorting, in accordance with the invention. 
25 Figure 12 presents a photograph of a call 

preparation showing hybridization signal from fixed HEp-2 
metaphase chromosomes hybridized with RecA-coated, 
biotinylated, nick-translated probe to human chromosome l 
alpha-satellite centromeric sequences. 
30 Figures 13A to 13F show RecA-mediated native 

s 

fluorescence in situ hybridisation detection of unique 
pS3 chromosome 17 tumor suppressor gene sequences in 
ATCC HEp^2 and HCC "Alexander" cells in suspension. 
Figures 14A to 14D show RecA-mediated native 
35 fluorescence in situ hybridization detection of unique 
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p53 gene sequences in ATCC HEp-2 c 11 nuclei n slides. 

Figures isa to 15B show RecA<-mediated native 
fluorescence in situ hybridization detection of Hepatitis 
B virus (HBV) nucleic acid sequences in ATCC HCC 
"Alexander" cells in suspension. 

Figures 16A to 16C show specificity of HBV target 
detection using RecA-mediated native fluorescence In situ 
hybridisation detection in human HCC cells tested by 
competition Hybridisation. " 

6. Petal led Description of th e Invent ion 
X. In situ Hybridization Method 

This section describes the basic methodology of in 
situ hybridization, in accordance with the invention, as 
15 applied to various biological structures containing a 
duplex DBA target with a repeated or unique specific 
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A. Preparation of Biological structures for DTJA 
20 Detect ion 

The method of the invention is designed for 
detecting, by cdmplementary-basepair hybridization, a 
selected target sequence in a biological structure 
contain a duplex nucleic acid, usually a DNA/dna duplex 

25 nucleic acid. The biological structure is any 

morphologically distinct structure, such as a celi, 
sperm, parasite, subcellular fraction or chromosomal 
preparation containing the target nucleic acid. 

The target duplex in the structure is typically 

30 chromosomal DHA, or nucleic acid duplex material 

associated with a viral, parasitic or bacterial pathogen, 
such as virus particles composed of viral duplex genome 
encapsulated or released from being encapsulated in viral 
coat proteins. Hethbds of preparing fixed biological 

35 structures, such as cells, nuclei, and chromosomal 
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preparations generally foil w thos used in onventlonal 
in situ hybridizati n by DNA duplex denaturation and 
reannealing. 

Briefly, the cellular compartment and DNA structure 
5 may be further, fixed or permeabilized by treatment with 
an organic solvent and acid or cross- linking agent to fix 
the structural components in their natural morphological 
relationship, common fixatives include acetic acid, 
salts, methanol, formalin, paraformaldehyde, and 

10 glutaraldehyde. After fixation, tissue sample may be 

prepared for slide presentation by embedding in wax or by 
freezing, followed by sectioning into thin slices. 

Kore generally, the biological material is treated 
with one or more of a number of agents capable of 

15 deproteinizing and/ or delipidizing the structures. Such 
methods can involve the use of proteases, lipases, acid, 
organic solvents including alcohols, detergents or heat 
denaturation or combinations of these treatments. A 
common treatment involves one or more washes with 

20 methanol: acetic acid. 

Other pretreatments may be useful in reducing 
background, such as use of inhibitors of non-specific 
binding of nucleic acids. Tor example, prehybridization 
with non-specific carrier DNA (e.g. salmon sperm) or RNA 

25 (e.g. tBNA) , may act to reduce non-specific probe binding 
to the fixed DNA-target structure. 

Cellular structures of interest may be individual 
cells, obtained for example from cell culture, cells 
present in a tissue section or body fluid. .Typically, 

30 cellular structures from a tissue are sectioned 

cryogenically, then treated on a slide, as above, to 
permeabilize the section, such as by treatment with 
methanol: acetic acid. Cellular structures may toe studied 
to determine intracellular localization of genomic target 

35 sequencers) , or for detecting the presence and/ r 
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localization or an infective rganism, such as virus 7 
bacteria/ or parasite in tbe cells* 

Subcellular structures , such as nuclei and 
mitochondria, can be prepared by conventional 
5 fractionation methods, such as isopycnic centrifugation, 
to obtain subcellular material in enriched or 
substantially purified form* Thereafter, the enriched 
structure preparation may be permeabillzed and 
deproteinized, as above, probed either in solution or 
10 affixed to a slide, as by drying. 

Alternatively, the cells may be pretreated with 75 
mH KCl f followed by treatment with methanol : acetic acid, 
to remove cytoplasm. This fraction, after purification 
may be further treated for probe hybridization. This 
15 method is illustrated in Examples 3*4 and 12-14 for the 
preparation of HEp-2 cell nuclei for in situ 
hybridization* 

Briefly in these examples, HEp-2 cells were pelleted 
by low-speed, centrifugation and the pellet was 
20 resuspended in 75 mH KCl for between 5 and 15 min for a 
desired amount of nuclear swelling to occur, followed by 
addition of ice cold methanol : acetic acid and 
centrifugation. After general further addition of ice 
cold methanol: acetic acid and gentle agitation of the 
25 cells after each addition followed by centrifugation, 
cytoplasm was degraded from the nuclei. The resulting 
isolated nuclei preparation was resuspended in 
methanol: acetic acid, placed in 10 pi aliquots on 
microscope slides, dried, and the slides stored at -20 9 C 
3D for later use. Alternatively, cells can be harvested 
using standard conditions, washed in IX phosphate 
buffered saline (PBS) and fixed in 100 V methanol or 70% 
ethanol "then stored at -20°C: these cells can be used in 
solution hybridization detection reactions* 
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Another structur or general interest la a fix d 
chr m some preparation, typically derived from cells in 
metaphase (Pinkel, cherif) . The preparation may contain 
the entire set of genomic chromosomes from the cell, such 
5 as the preparation in Figures 1A and IB, or individual, 
isolated chromosomes, such as can be obtained by 
published methods (Lebo, Mccormick) or chromosome 
fragments. The chromosomes are generally treated with 
methanols acetic acid, placed on a slide, then affixed to 
10 the slide with drying. 

A variety of other subcellular structures, such as 
mitochondria, or pathogenic structures including 
parasites isolated from cell or blood samples, such as 
virion particles, may also be prepared according to 
standard methods, and fixed and permeabilized for in situ 
hybridization as above. 



15 



20 



B. Target-fit^ f^ ff 

The probe used in the method is a single-stranded 
nucleic acid, usually a DNA strand probe, or derived by 
denaturation of a duplex probe, which is complementary to 
one (or both) etrand(s) of the target duplex nucleic 
acid. The probe sequence preferably contains at least 
90-95% sequence homology with the target sequence, to 
25 insure sequence-specific hybridization of probe and 
target. The single-stranded probe is typically about 
100-600 bases long, although a shorter or longer 
polynucleotide probe may also be employed. 

The probe may be constructed or obtained by one of a 
30 number of standard methods. Kany probes, such as various 
satellite DNA sequences are commercially ^available in 
single-stranded or double-stranded form. Other probes 
can be obtained either directly from viruses, plasmids 
and cosmids or other vectors carrying specific sequences, 
35 or, if desired, by restriction digest of the source of 
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the probe DKA, such as & v ctor, followed by 
electr phoreti is latlon or specific restriction 
digestion fragments. Probes obtained in this manner are 
typically in double-stranded form, but say, if required, be 
5 subcloned in single-stranded vectors, such as an Hi 3 
phage vector. 

Alternatively, the probe nay be prepared in single- 
stranded form by oligonucleotide synthesis methods, which 
may require, for larger probes, forming sub fragments of 
10 the probe, then piecing the subfragments together. 

The proba is labeled with a reporter or ligand or 
moiety which allows detection of the targeted sequence in 
situ. For autoradiographic detection, the reporter is a 
radiolabel, such as n P- labeled probe formed, for example 
IS by nick translation or polymerase chain reaction in the 
presence of labeled nucleotides * 

for fluorescence detection, the probe may be labeled 
with one of a selection of fluorescence groups, such as 
FXTC, B00IFY, Texas Red, or Cascade Blue which 'is 
20 excitable in a specific wavelength, such as 490, 540, and 
361 nm. The groups are derivatized to 3' or 5' probe 
ends or by incorporation or reaction at internal 
positions, according to standard methods (Urdea, Keller, 
Zischler ) . 

■ 

25 Alternatively, the probes may be labeled with a 

ligand-type reporter, such as biotin (Weier) , digoxigenin 
(Zischler) , or bromodeoxyuridine (BrdUrd) or other 
modified bases including f luorescein-ll-dUTP (Boehringer- 
Mannheim) (Kltazawa} . The probe reporter groups are 

30 detected, in situ, by reaction of the hybridized probe 
with a secondary reporter molecule which (a) binds 
specifically and with high affinity to the probe ligands, 
and (b) contains a detectable reporter. The binding 
moiety of the secondary molecule may be avidin or 
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streptavidin, Tor binding to biotinylated nucleotides 
anti-digoxigenin antibody, ror binding to digoxigeninl 
labeled nucleotides, and anti-BrdUrd antibody for binding 
to BrdUrd-labeled probe. 

The detectable reporter in the secondary molecule is 
typically e fluorescence label, but aay also be a 
radiolabel, for autoradiographic detection, an antibody, 
an enryme, for color i»et eric or chemiluminescence 
detection in the presence of a suitable substrate, or 
colloidal gold (Narayanswami) for use in electron 
microscopic visualization. 



.n aasifie; 



RecA and *acAB03 proteins, for use in forming the 
RecA/probe complex used in the invention, are preferably 
isolated from overproducing strains, such as s. coll 
strains JC12772 and JC15369 (obtained from A.J. Clark and 
M. Madiraju) . These strains contain the RecA coding 
sequences on a "runaway" replicating plasmid vector 
present at high copy numbers per cell. The RecA803 
protein is a high-activity mutant of wildtype RecA 
(Madiraju) . 

The RecA proteins can be purchased from Pharmacia or 
purified using fast protein liquid chronatography (FPLC) 
on a hydroxylapatite column followed by an anion (Mono Q) 
exchange column. The isolation procedure combines and 
modifies published procedures (Shibata et al. # Griffith). 
Details are provided in Example l. 

The standard assays for monitoring the protein 
purification include assay of 38,000-dalton RecA protein 
by SDS-polyacrylamida gel electrophoresis (PAGE) 
(Pharmacia Phastgel system) , enzyme assay of 
ssDMA-dependent ATPase activity using C7- M P) ATP and PEI - 
cellulose thin-layer chromatography developed in a 
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olvent of 0.5 M Lici and 0.25 M formic acid, assay of 
DNase, assay of D-loop activity with 500-mer 
oligonucleotida probe. 

*. ... 

Analysis of total protein from JC12772 and JTC153 69 
5 cell extracts by SDS-PAGE (denaturing conditions) shows 
that the 38,000-dalton RecA protein is the major protein 
produced in these strains. 

The SDS-PAGE profiles of the final Mono-ft~purif ied 
RecA and RecA803 proteins shoved a single 38, 000-dalton 
10 band, free of other cellular polypeptides as detected by 
silver staining a 

D * Preparation of- ReeA DNA Pro be Compl^v^^ 

The duplex nucleic acid in the biological structure 
15 of interest is reacted with a probe complex composed of 
RecA protein stably bound to the single-stranded probe. 
The complex is preferably prepared in a stabilized form 
in the presence of ATP?S« 

RecA protein coating of probes is normally carried 
20 out as detailed in Example 2. Briefly, the probe, 

whether double-stranded or single-stranded # is denatured 
by heating at 95-100 *c for five minutes, then placed in 
an ice bath for 20 seconds to one minute followed by 
centrifugation at o*c for approximately 20 sec, before 
25 use. Denatured probes can placed in a freezer at -20 # c; 
preferably, however, they are immediately added to 
standard RecA coating reaction buffer containing ATP-yS, 
at room temperature, and to this is added the RecA 
protein. 

30 RecA coating of probe is initiated by incubating 

probe-RecA mixtures at 37*C for 10-15 min* RecA protein 
concentration tested during reaction with probe varies 
depending upon probe size and the amount of added probe, 
and preferably ranges between about 2 t 25 /M. When 

35 single-stranded probes are RecA coated independently of 
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their horn log us probe strands, the mM and fM 
concentration, of ATPys and RecA, respectively, can be 
reduced to one-half those used with double-stranded 
probes (i.e. RecA and ATPyS concentration ratios are 
S usually jcept constant at a specific concentration of 
individual probe strand, depending on whether a single- 
or double-stranded probe is used). 
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According to an important feature of the invention, 
sequence-specific binding of the RecA/probe complex to 
the target duplex contained in a biological structure is 
achieved by adding the probe complex to the structure, 
under non-denaturing conditions, i.e., below the 
denaturation temperature of the duplex DMA, and allowing 
the complex to contact the target duplex, typically for 
1-4 hours at 37«c, until homologous binding of the probe 
complex to the target DNA sequence has occurred. 

After probe 'binding to the target DNA sequence, the 
target structure is washed to remove unbound probe 
complex, in the usual case, where the probe reporter is 
a ligand, such as biotin, the washed structure is 
contacted with a detectable reporter molecule, such as 
fluorescence- labeled avidin (FITC-avidin) , to bind a 
detectable reporter to the target-bound probe. The 
sample material is then further washed to remove unbound 
reporter molecule. A variety of wash procedures are 
suitable. The structure is visualized or otherwise 
viewed or detected by microscopy, fluorescence activated 
cell sorting, autoradiography, or the like, as for 
example described below. 

The hybridization condition described in Example 3, 
for use in fluorescence-reporter detection of a 
biotinylated probe, are exemplary. Briefly, between 10- 
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20 /el probe complex is applied to a fixed DreMrj ,^ 

a glass slide. Glass covar a ii„, , Preparation on 

incubated In . aoiet container ta » 

cowslip rubber cenent ...j is raJnoved and 
with coverslip. are washed Mvatil tlw to 

— — ra»ove unbound probe 
in » « SUaeS * r * plaead ln Prebloek solution 

io rolled by (1) w,,^ in or aBplloitlon ^ 

fxtc-. v »^' \ "* Veral WMh " *• »» ""bound 
"TC-avidin. in antlfade , gB)t , „ lth or vithout 

eount«stai„ such as propldiua iodide, «y b. osed to 
"dues puotobleaehlng. 

raacttee"-"""!* T* ^ " i9M1 "* y "* «-Pli«.d by 
«actin, the nat«i«l on th. elide with bioti^letad 

»ti-„ldi„ antibody, t8 Uow.d by several ^ « * ana 
addition or rrrc-avidin. to enhanc. th. anount " 
20 IluoTMcant signal bound to th. target duplex. 

Th. target structure is than exanined ror the 
Pre^e or th. reporter-labeled probe bound to th. 
targat nucleic add, e.g. , by fluorescence nicroscopy or 
laser scanning- microscopy. 



Figure ia snows F1TC signal from in s ±tu 

ZTjlt W t°\ ° f * ChrOTOSOaa * ^ satellite DNA probe 
to prepared, isolated HEo-a «n u . _ P 



■ - • —P--* interphase nuclei fixed 
°"/'" S 8 " dM ; 4 111 ~»~~ with the present invention 
and without amplification, following the protocol 
detailed in Example 3. chromosome X is estimated to 
contain about 5,000 copies/cell of the alpha satellite 
sequences fONCM Hfm^^i . M ^* . 



r3.r"J° He0I? "*"*»«■» • ■» -totinylated probe was 
reacted and post-l^i«, with FITO-avidin, as described 
Above* 
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used in the Figure 1A nethod was o*27r, 7 < **** * t0 °* 
end dextra, s^ata under ^t^^J^ 
hybridized to HEp- 2 cell nuclei u^' IT ~ 
Ration «and renaturationj ^ ^ £ ^ 

shown in Figure IB. The procedure required Bevera 
hours for total 4 a s «veral aore 

«gure ia nethod, involved signal anpliflcatlon ,«j 

9aV ° ' o f fluoreseLt^sl 

through the naolel. signal 

the ™t"!r n ? reP ° tt * d lB EXM « ,1 « «• —» that 

the -etho. give, high-probe ^ t « 

*^!,,7r *"* " ethod ' • ■=hroaoso M -7 alpha 

•htelllt. DKa/saex =»pl.x 1. hybridized vlth ^' 

™ P "L r •"•»"• -~ ~ — 

»rob. r ^" " SBOWS ^ ** r « Wt " l9M1 P"tern after 
LtuT"! " TC labelln " *» »=~rdanc. with tt . 
invention, is seen, the probe is localized in two 
distinct spots, presuaably corresponding to the two 

h„,^ ^ Sh ~* tta ' ita hybridization probe 

bound target pattern eehlevad with the see. pronT after 
amplification followlne nrlo.. Prone, after 

,h™. «_ i.uij.oving prior ert methods described 
above. Probe localization appear, to be less specific 
than in the nethod of the invention. Further, total 
3E" ** PtCba " ybrldl " tlon «" ~ny hours 




35 



the *17<? * BSth0d ' reP ° rted in 5/ aeaons . 

the ability to localize a target sequence within a 
nuclear volume relative to other targeted OKA sequences 
and/or the nuclear ^rane, using a confocal laseT 
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scanning aieroscope (Zeiss LSH-ioi t« 

methanol fixed HZp- 2 cell8 vt^e p ^b J < * Sth d ' 10 °* 

the KecA/chroaosoae-x alpha"" mta ^ ^TT^ 

£Zl 7 S PattBrn «* ***** binding i„ a 
hiding nucleus. To localize the hound prL, L saae 



field was viewed by ph.ee contraet --^J^T' 
changing the focus of the lens (Figure Ml ' Ut 

the two photoMl^^.^. L. 7™ 3B) * B * *x*n±nin<3 



10 nuclear i ^ °" 1Cr09raphS ' «- "^ive position oflhe 
nuclear neabrane and nuclear division plane can he seen 
with respect: to the prohe-labeled chroaoaoaes. 

The »ethod of the present invention also facilitate 
the detection of specific dux , facilitates 

. »pecuac dna aequencea in aetaphase 

chroaosoaes using native KecA-aedlated fluorescence^ 
- *it„ hybridization. RecA coated biotinylaLrprche 
rr^lf^ — 1 alpha.sLllite Pr ° be 



n fE3CaBPle 6) * Bc£ ° r * ^-coated probe 
mix addition, cells were incubated at 60-c with lo a£ 

Trie-acetate ( P H 7.5, . This incubation step, below the 

f!!!!!!^ 011 tMperature « «"ular nucleic acid 

" the e «iciency of the fluorescent ± n 




sl±u ^ ^*«orescence i 

incubation step 73* or .11 cell nncl«l showed 



— — aMUWeu 

si^lTr" hybridiZat£on ™c hybridization 

signals were vxeualized using a Zeiss LSM in 488 na 

argon-ion laser-scanning aode. The FITC hybridization 
signal is superimposed on the phase image of the 
chroaosoaes to identify its position (Figure «) . No te 
that the pitc probe signal is, as expected, located at 
the centrom er e* 

RecK-aediated fluorescence in situ hybridization 
also facilitates the detection of unique gene sequences. 
RecA-coated biotinylated probes specific f r the p 5 3 gene 
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(On or) were react d with fixed cells in suspension using 
native fluorescenc In situ hybridizati n reactions 
(Example 7) . FITC probe signals were observed with a 
Zeiss lsm in 488 nm argon-ion laser-scanning node. 
5 signals were apparent without any amplification of signal 
(i.e., extra signal amplification steps). The results of 
this analysis are - presented in Figure 13: Figure 13 a, 
13C and 13E, FITC hybridization signals; Figure 13B, 12D, 
and 13F, phase images of cells in 13A, 13C and 13E, 
respectively; Figure 13A to 13D, HEp-2 cells; and Figure 
13E and 13F # hcc "Alexander" cells. The FITC 
hybridization signals in Figure 13E are superimposed on 
the phase image of the cell in Figure 13F. Note that all 
hybridization signals are within cell nuclei and that 
FITC signals are often seen as pairs indicative of newly 
replicated DNA. The cell nucleus in Figure 13D appears 
to be in the process of dividing. The results 
demonstrate the sensitivity of the method of the present 
invention for detecting unique sequences in solution 
20 hybridization reactions. 

In addition to detection of unique sequences in 
solution hybridisation reactions, the method of the 
present invention is also effective for the detection of 
unique gene sequences using fixed cells on slides. 
25 RecA-coated biotinylated p53 probe (Oncor) was reacted 
with fixed HCC cells on slides using a native 
fluorescence in situ hybridization reaction (Example 8) . 
This reaction contained topoisonerase II and was not 
incubated in buffer before probe addition (Example 8). 
30 FITC probe signals were observed with a Zeiss LSM in 

488-nm laser-scanning mode. Hybridization signals were 
apparent without any amplification of signal (i.e., extra 
signal amplification steps) . sample results are 
presented in Figure 14. in Figure 14: 14A and 14C, FITC 
35 signals; 14B and 14D, phase images f cells seen in 14A 
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and mc, respectively. Note that all hybridization 
signals are within the nucleus ana signals orten appear 
as pairs. The position or the signal pairs in the 
nucleus shown, for example, in 14A and m suggests that 
in this nucleus the signal may represent a stage after 
DNA replication. These results demonstrate the 
sensitivity of the method of the present invention for 
detecting unique sequences using fixed cells in 
hybridization reactions. 

in addition to the ability of the method of the 
present invention to be used for the detection of unique 
cellular gene sequences, the method can also be used for 
the detection of unique viral nucleic acid sequences. 
RecA-coated EBV DNA probes P AM6 and "BIOPROBE" were 
reacted with loot methanol fixed cells in suspension 
using a native fluorescence in situ hybridization 
reaction (Example 9> . Both probes used in these 
experiments detected HBV sequences in the human hcc cells 
with high efficiency CBroPROBE", 81%; pAK6, 9S\) . pitc 
hybridization signals were observed with a Zeiss LSM in 
laser scanning mode, in Figure is, the observed fxtc 
signals from the HBV probes are shown superimposed on the 
phase images of the cells: I5A and 15B, «BI0PR0BE«; 15c- 
15E, pMitf probe. Note that all signals appear to lie 
within the nuclear region. Both DNA probes generated 
multiple pitc hybridization signals in each HCC cell 
nucleus. The "BIOPROBS" signals appear less intense 
than the pAMS probe signals. This is lijcely due to the 
size of the probes used. A RecA-facilitated_ pairing 
reaction between single-stranded probe (s) and linear 
duplex target DNAs in solution increases in • efficiency 
with increasing probe strand size: single-stranded 
"BIOPROBg" strands average <250bs and pAMS single-strands 
average 300-500 bases in size. This difference might 
also be due to the fact that the probes c ntain HBV 
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glomes or dlrrerent serotypes (-axowow--/ &dr -4 - dam 6 
aav>. These results locate that the method or \T 
present Invention is useful tor the detection or viral 
DNA sequences. Probes speciric r or any viral DNA target 

Led i r r r generated ' jt 

used in the in situ hybridization method of the present 
invention In addition to riuoresoent detectionTnu^er 
or other detection methods" might be used including, 

inc I T !°' f ° llwln ^* ^luminescence Tropix 
Inc. , Bedtord MA.) and radioactivity. 

fiB o ^ e " eth0d ° £ «- invention also has a good 

specificity of target detection. The specificity of the 
present method was examined as follows. Thirty ng or 
R*ca ooated single-stranded biotinylated HBV probe (pAMS) 
was reacted with ATCC hcc -Alexander" oells using a 
standard native in suspension fluorescence in situ 
hybridization protocol (Example 10) . 

*a» T a SpeCl * ici1; y ° f "a^lon signal for HBV 
targets was tested by adding 240 ng of either excess 
HecA-coatad single-stranded non-biotinylated homologous 

loT' °l 2 t°< °' MnhOT0l0 * 0 « competitor DNAs (Example 
i0 Biotinylated KBV probe and non-biotinylated HBV and 
0X174 competitor DMAs were nicJc-translated under the same 
conditions to insure that they were of a similar size 
(average 400-500 bs) . Unlabeled human placenta DNA, (loo 
-120 bp fragments) was obtained from oncor (-blockit 
bn*«). The results (Table i; Example io) show that only 
homologous HBV DNA, not heterologous dnas, specifically 
competes with the biotinylated HBV DNA probe signal. 




experiments described in Table i are shown in Tigure is. 
In the figure: 16A, Biotinylated HBV probe * excess 
unlabeled HBV DNA; 16B, Biotinylated HBV probe + excess 
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unlabeled 0X174 DMA-; and 16C, Biotinylated HBV probe + 
excess unlabeled human placenta DNA. nxc probe signals 
were observed with a Zeiss LSK In laser scanning node. 
The observed FITC signals from the HBV probes are shown 
5 superimposed on the phase images of the cells. Note that 
It is clear from the signal and cell images that 
homologous HBV DNA specifically competes with the 
biotinylated HBV DNA probe signal but heterologous DNA 
does not compete. Thus, the RecA-faciiitated native 
10 fluorescence In situ hybridization reaction detects 
specific nucleic acid targets that are homologous to 
labeled probe DNA* 

From the foregoing, it will be appreciated how 
various objects and features of the invention are met. 
15 The invention provides a simplified and less time 

consuming procedure (s) for localizing target sequence in 
a biological structure. The method reduces artifacts by 
eliminating the need for a heat denaturation step and by 
reducing the need for signal enhancement, and allows more 
20 rapid and veil defined detection of target sequences, 
including target sequences of low copy n umb er . 

in particular, the method allows detection of low- 
copy sequences without the requirement to first amplify 
the sequences. A comparison of Figures 2 A and 2B 
25 demonstrate that this feature greatly enhances the 

specificity and resolution of the method over prior art 
approaches, since most gene mapping and chromosomal 
studies are expected to involve specific low-copy 
sequences, the present method provides an important 
30 advantage for diagnostic gene mapping studies, as well as 
for diagnostic application involving unique or low-copy 
numbers of various pathogen sequences. These later 
applications are described in Section II below. 
Further, the methods described herein are 
35 efficacious for the detection of Ci) unique, i.e., eingle 
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copy, gene sequences, and (iij unique or multiple viral 
nucleic acid sequences, in hybridisation reactions 
carried out in solution and on slides. 

As disclosed in the co-owned patent application for 
"Diagnostic Applications of Double D-Loop Formation" 
filed on even date herewith, stable Reca-coated probes 
prepared from duplex DHA fragments can form double-probe 
hybrid structures with target duplex DHA. Although such 
double-probe structures have not been shown for probe 
binding under in situ hybridization conditions, the 
presence of such structures , if formed, could be 
exploited to effectively double the amount of signal 
produced at the in situ target site, further, the two 
probes could be labeled with different reporter groups, 
for example, fluorescent probes with different absorpti r 
or emission peaks, so that target sites containing both 
probes could be distinguised from sites containing one 
probe only. 

20 XX. Applications 

One general application of the invention is for 
diagnostic use in locating and visualizing a selected 
gene or regulatory sequence in a chrbmosone , end/ or in a 
particular region of the chromosome. The target gene or 
sequence may be one which (a) generates a selected gene 
product, (b) is suspected of performing a critical cell- 
control function, such as that of a ribosome, an 
oncogene, or a tumor suppressor gene, (c) is related to a 
repeat sequence, (d) is suspected of containing a genetic 
30 defect which prevents expression of an active gene 

product, (e) may be related in chromosome position to a 
marker probe region with a known map position, and/or (f) 
may represent an integrated or non-integrated viral 
sequence, such as a DNA-hepatitis virus (e.g., Hepatitis 
35 B Virus (HBV) (Ono, et al.; Fujiyama, et ai.; Galibert, 
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•* «I0 in fixed chromatin or fixed virions. 

The diagnostic probe used in *h„ »o-*. ^ 
AM ... _ , -oca xn ttia method may fee 

obtained, in some e>saa , ■* oe 

, « some cases, from available plasmids 

coamids, viruses or other vectors, such as !Zf^ 
genomic libraries or may be chemicalized T ° 
»«. the gene product is evail^e ^e^s 
generated by sequencing enough of \?* 
generate probes for pcr eapiif icat ion lis * * t0 
egging the corresponding gl^ence" 7 n T"* ™ 
using the probes in a PCS In^^J^^^ 

using standard precis " ^ ^° ****** ~~ 

in « typical method, tha nuclei ere derive * 
cells staged in metaphase, using veil ten^T H 
fixed and "dro™*- fn * . then 

n a slide to proauce a 





one material under Investigation nay be a =m-.,„ 

or an isoiated ,b " 

Figure 4A shows a single netanhase eh* 

which nay be in i.oise»* <.! capneee chromosone 10. 
.-t,,,., isolated torn or part or a eieid 
containing an entire set or somatic-cell 
chromosome cont.i*. . v. 0611 ehro,M « K - 



cnroaoeon. =, nt .i„, a Jcnovn narjc^r region « (gene site 

<*e chromoaome is *»ewn and L 
"Uspeoted or containing a ,„e region or 

chromosome preparation on a elide i. reacted ""'tn! 

STorZ iMle,t * d " " la M9Ur » «• «>* —Posed 
or * probe 16 coated with s»e» ^ 

««. ,„ *•« protein, shown by circles 

cn^" * M « lon ° r P«*« complex with the 
chromosome material, in accordance vlth the invention 
leads to honoiogous binding or tha probe to a gen. site s 
<«gur. «, which is the target region or interest 

Ih. binding sit. s may be visualized, ror site 
localirati „ by a variety or methods. i n on . Mtbea 
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- »P— r , pr 0ba I4 honoiocou, J" COTpl « » 

<9ene site KJ .„„ ttlao contl ™ * * n own « ?lon „ 

added to the chrono.one ^SL^" 9t ° UI ' S »« is 
S 'o „ 9ion of « « allowed M hlaa 

«»ound probei the prepsrnt,^! to «»ove 

•vidln reporter to™ ^ Wltft •» »«- 

»lth . t luor^ t b ° th =n the chrono,o»e 

Hoen viewed by tluor».a«._ 
a» shown ee """"'"nee aleroseony, . ,.„,., 

oown et jrij^o <c ls «»■ a Hold such 

Point,, e nown , t 30 ^ »' «th the two «uore.=ene. 



*w xa seen, vf*-H 

Points, shown at: 30 i„ P1 * J tW ° ^orescence 

or the ^ fltaaca betveen z Lt^izT: an indication 

tHe chroaoaoaea. * nd test sequences on 
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* -wiwrance . 1900 1 — -«^ omoso 

labels „ lth an . vla i„ ^iT* 
fluorescent hsvlno I dl~ staining . 

■xdtetlon ..velengthX ^"TL rl r r r C * n=6 
rluor.sc.nt »olecule<s, !f ban<t =teinlng 

the chroeoson.. «. vliu.,^,"""" 0811 " Poroscopy, 
Posted ,t l S 1„ rlgur . " ~ »«velength, „ 
P«be on the chro moao ^ .£ »" ^"lon « the 

•xcltetion wevelenoth. Altnou=H VlSM "" 4 " » aeoond 
honologu. U ttosa * ( • " h T, " " lth ° n « 

reset with probe. Konologou, sequence, would 

me Invention elso provid.. ... < 
a es s xo illustrate how ^ . 
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s a a-xo Illustrate how tha »sn-w - 
applied to detecting vsrlou. typss eVenTo!"" * 
aberrations. Fiaixra c ^ <=hronoso» s 

40. oont.i„i„ g tw?iinsed s rr * noraai *»«— • 



«• contemm, two llnsed " ° h "— 

« the chronoeon. Ms . ^ ^ Z2 2 ^ " °" " 
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chronosone. are hybridize with individual 
coBpleres, in accordance with the invent*- 
vltn different fluorescent tag,, ^ell 

regions M y te 1MsMe „ vith J J^J**' — - the 

reporter sp^ tlc ^ lnrt Wotla ^^f 1 """"" 

=«Ple*, end the .eeond region, labeled ^ e seccl 
fluorescence reporter carried on an entl *T / ^ 
antlbodv .4 . ""-oisoxlgenln 

ibody specific against digorigenln groups on the 

second probe oonplax. The first and second 

reporters an f~*t « .. "eeond tluorescenee 

eporters axe lndloatad by open and solid circles 
respectively in rigace S and in related Figures "ixo 
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TZZ'T T" Cladie " M * «* circles, 
in fraa. B) . The two spots indicate the relative ' 

regions in the normal chromosone. 

whlch^" * f lln,tr ""' *» a— A, " • chro^scne 40b 
which differs te,, 40 , a dalrtlon o£ 

=0^.^,! 1 r rM !r nee " P ° e " " "Nation waveleng^ 
corresponding to region 42 only. 

vhlch'dCT 7 * 11UStrateS ' in *™~ ^ * chronosoae 40c 
regions 42, 44 in the- chroaosoae. The Insertion is 



30 



fra^eTVT *** T° EMOen « «~W field seen in 
frame B, by a greater distance between the two 

which^HT 1U,Utr ""' ln *— *• « chronosone 40d 

r«I» if \ Cta!me ' a " «« * * duplication of the 
region <4. The duplication is seen, in Pres. B, as a 

doublet at the excitation wavelength of the region « 
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Figure 9 illustrates, in Frame A, a chroaosoae 40e 
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containing region 44 has translocat a to a «= na 

ehrcosoa. 4ae. ine translocation is evidenced !„ „ 
B, by wideiv .r,-,.^ -viaenoea, in Frame 

' Vla,ly "P"" 4 fluorescence spots. The identity », 
s chro™ 4a. My b. determined, sS,!* 
the chroacsoae. with dye. which fora character!."^ ' 

figure 10 shows, in iraae i > ~r- 

10 diftars fre» o»™. ohroaosoae 4of which 

regime JT^!T^~ "* *** «^in 3 

^ L. J!" " teVMted - 115 Version is 
evidenced, xn Prone B; by reversal «+» 
two rluorescenc. spots. Potions of the 

15 
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12 show the ability of the method of the 
present Invention to detect specific chromosomal dna 
sequences in metaphase chromosomes using native 

data support the use of the method of the present 

crudes' £ °LTT a " UO " aCanCa * itU hybridization 
on slides. Example 6 describes the steps used to 

hy^r!!L e T " ataPha * e ch "»— fluorescence in situ 
the following: the preparation of chromosome i 

e a ce^ri« llte Pr ° be ^ HEP " 2 CallS P"^ted with 
acetate buffer at 60*c. As expected, in Figure 12 feh. 

ZIXT^ Bignal ^ 10Mtad - --^ert 
These data support that the native RecA-mediated 

t^vI^T" ** ^ hybridizatio " technique can be used 

dna ^ L I \ e9UanCe " d 9ane POSlti ° n ° n denatured 
ln «xed chromosomes or chromatin. 

nativ^r^* " " d " ShW th£ ^ Lli ^ o£ ^mediated 
native fluorescence in situ hybridation detection of 

tumor suppressor grene sequences. The native RecA- 
»ediated fluorescence in situ hybridisation technique can 
be used to detect and visualize a unique single copy gene 
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sequence in fixed cells in suspension (Figures 13A t 
13FJ and on slides (Figures 14A to 14D) without any 
signal amplification steps. The results show the 
detection of unique p53 sequences on chromosome 17 i n 
ATCC HEp-2 end HCC "Alexander* cells (Examples 7 and a) . 

Figure 15 illustrates the ability of RecA-mediated " 
native fluorescence in situ hybridization to detect HBV 
nucleic acid sequences in ATCC HCC "Alexander" cells in 
suspension. Figure 15 (Example 9) shows hybridisation 
signals obtained using two different biotinylated HBV 
probes, "BIOFROBE" (Figure- 15A to 15B) and pAM6 (Figure 
15C to 15E) . Viral targets were detected in ATCC HCC 
"Alexander" cells, known to contain HBV nucleic acid 
sequences, probed using the native fluorescence in situ 
hybridization technique in cell suspension. Hep-2 cells, 
not infected with HBV nucleic acid sequences and probed 
with the same probes end techniques, did not show any 
hybridization signals. These results support the use of 
the method of the present invention to detect 
diagnostically Important viral target sequences in 
HBV-inf acted human liver cells. 

Figure 16 demonstrates the specificity of HBV target 
detection using native fluorescence in situ 
hybridization. The native fluorescence in situ 
25 hybridization assay specifically identifies nucleic acid 
targets homologous to probe DNA (Figure 16 and Table i) . 
This was demonstrated by showing that biotinylated pAMS 
HBV DNA probe hybridization signal is specifically 
competed when reactions contain excess homologous 
30 unlabeled pAMS DNA (Figure 16A> but not when they contain 
either excess nonhomologous unlabeled pXl74 DNA (Figure 
16B) or excess unlabeled human placenta DNA (Figure 16C) . 
The results of these competition experiments demonstrate 
that native RecA-mediated fluorescence In sipx 
35 hybridization signals, e.g., with HBV probe DNA and HCC 
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cell, in suspension, are hbv Bpe ci fie 
Generally, the 




■VMdtMfa. r»«w c™« I1UOrMee — *» 
protein, cofactor, „ d w ^"^f ^eotion us. Reei 
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ranges above I00 . 200 ^ L^t^l . size 
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preferred. Probaa coated with "** »°» t 
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demonstrate tha rS^S^T ^ve 

hybridization 1^2^^" — 
bosologous nucleic aoid J^Z£ 

reaction la capable „, „ . T^" bybridizstion 
sequences ,. ' ° '""""a -ingle copy gTOM M(J 

. <"•»•< PS3), nultiple CODV 

ipha-satellit. chronosone if M9U8ncea <••*• - 

l»*ortant viral t«.t !! ' dl «9no«lcally 

reactions . ."T^ »^«i««on 

fluorescence in situ hvbrifli..., 
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«perl»e»t, perfcrwd in support of the « YS ' 
indicate that washing in x * !* P "" nt ln »"tion 

^proves .ign.1 and I^a^bec^ «- 

Kec i -^at, S :t:o'r:sc tte T"* 1 '"" atIon -«v. 
the follou"'- „.LT , " ^ h ^ ldi »tion include 

bybridlratl^-can b " : s :;t\T:r " U °"— — 
fixed (or 70* ethanol «v « V " hedl ' "°* »»thanol 

with probe, the reaction is e« lc w I *»"*•««» 

i^i^r - co^on;; z rs^ 

averages between 65-90* of ceiia * . 

or cells with signal, depending 
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up n tlie concentration or probe used; the reaction works 
with less than 50ng probe — concentrations of probe in 
excess of 10 ng are preferred; a number of cof actors, 
including ATPyS, GTF7S, ATP, dATP and a coabination of 
ATPyS and ADP, work in these reactions — one embodiment 
employs ATPyS concentrations in the range of 
epproximately 0.24 to approximately 2.4 mM (preferred 
embodiments include the range of approximately 0.24 to 
0. 48 mM) ; a wide range of RecA monomer : nucleotide ratios 
work well, including 'in, 1:0.8, U2 and 1:2.5 (a 
preferred embodiment utilizes 1:2); the amount of signal 
obtained with a chromosome #i alpha-satellite probe and 
native RecA-mediated fluorescence in situ hybridisation 
on slides with KEp-z cells are comparable to those 
is obtained using a standard denatured fluorescence in situ 
hybridization technique; the reaction works in the 
presence of accessory proteins (*«gr», single-strand 
binding protein (SSB), topoisonarase I and topoisomerase 
II) f and when the reactions are carried out for samples 
20 fixed on slides the reaction efficiency is improved, from 
an average range of 5-20% to 55-8 0%, by incubating slides 
in lOntt Tris-acetate buff er pH7.5 at 55-60*c for 30-45 
min before adding RecA-coated probe mix. This 
temperature is below the denaturation temperature of 
25 intracellular nucleic acids. 

It will be appreciated that the above applications 
of the method r to the extent they involve probe binding 
to a single or small-copy-number target sequence are 
uniquely suited to study by the present method. 
3 0 Another general application of the method of the 

invention is for diagnostics, typically for detecting 
changes in chromosome ploldy or rearrangement, or 
presence of a viral or bacterial or parasitic pathogen in 
an infected organism, rgan, tissue, or ell. This 
35 applicati n is specifically discussed above and is 
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generally illustrated in Figures iXA-nc t * * * 

virus infected cells SUC h IT detection 

WCAAS / fiucn as cell so ~ 

(or integrated viral ganraes) Mntaln ° M P^icX- 

show, at «. a. cn,. bloo „ «. "~ 

= fron th« teat aubj.ct, and trMted to **»!■•« 

«ll«lar atructur.., a. di.cu.aad J^TT^." 
pemaabiliaed cell. , Mgur . 11A) io ~ 

aaplir ieat-4 w ' necessary / by the 

a lilt, ? »P«fr reagent. Ascribe* u, ove> . „ 

• biotinylated anti-avldtn antibody, foil™.,,* ' 
" fluore.cenc.-leb.led avlain r .££ £££ * « 

ntcro^^lr 1 ! 8 ^ ^ eMminad * <l«««=enc. 
iu.cro.copy, to detect and localize Inject li,, virus 

»«l.lc acid in tn. cell.. utemtlv . ly ^ 

ny fluorescence ectivated cell sorting (rACS) , as 
££TT ^ ^ 11C - ™* — i « ^oup of 

datactoTJT M ^ ' d * ViC « "ith a 

« =a!rr^.. ln 4 " " Ctin ' — individual 

^.r.nr, r ^ <Je " ee ° r "» lon - **K>rescenc. 

figure lt i, ... n ^ y,. Mthoa proyldM 

30 of calle r ? MleUrin9 1,V " " P«rcanta,a 

used to esses, tha prograaa of an anti-vlru. tr.etn.nt, 
by Measuring d.cr...„ m etll toMtl8B over ^ 
treatment- period . 

apperetu. for capturing f luoraacanea-labalad cells, to 
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form a concentrate of infected cells. The c ncentrate, 
in tarn, can be used as a source of viral nucleic acid r ' 
for purposes of identifying and cloning the viral genome. 

5 The following examples, which are intended to 

illustrate but not limit the invention, illustrate 
particular methods and applications of the invention. 
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RecA and RecA803 proteins were isolated from the 
overproducing strains JC12772 and JC153 69 (obtained from 
A, J. Clark and M. Hadira ju) , or RecA was purchased from 



15 



RecA and RecA803 proteins were purified by 
modification of published procedures (Shibata, Griffith) 
involving; fast protein liquid chromatography (FPLC) using 
a hydroxylapatite column (obtained as powder from BioRad) 
followed by an anion ("mono Q", Pharmacia) exchange 
20 column. 

Protein purification was monitored as follows: 

(i) identifying the 38,000-dalton RecA protein by 
SDS-page ("ph&stgel" system, Pharmacia, Piscataway KJ) ; 

(ii) assay of the RecA ssDNA-dependent ATPase 
25 activity using [ r -»P]ATP and single-stranded DMA 

(Shibata) . The products of the reaction were separated 
using PEI cellulose thin-layer chromatography (EK 
Science, HJJ s the PEI plates were developed in a solvent 
of 0.5 M Lid and 0.25 M formic acid. Products were 
30 detected by autoradiography. 

(iii) assay of DNase activity. DNase activity was 
monitored by incubating the RecA protein samples with a 
mixture "of $X174 linearized and supercoiled circular 
double-stranded RF and circular single-stranded DNAs in 
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30 



*»ca ^.trend-transfer W f « (ch.„ g) for x hr it „ 
nickl "9 «* «9 "ion were nonitored after 

bronid. .iter agarose gel ei.etrophore.ie and conparin, 
th. «—ttti« of eeoh Bm typ. m the ReeA i^*"™ 9 
sample, with those incubated in buffer without RecA 
only r.=a protein ee»pl«. ehowin, BO DHas. 

activity were used. * 

(iv) a fiS ay ot D -loop activity with 500-mer 
oligonucleotide probe using a aethod modified from Cheng. 
«. * "Gained SDS-polyacrylamide gel profiles of 

the final "KONO-Q" -purified RecA and RecA803 proteins 
^ved a single 38,000-dalton band froa each preparation 
that was essentially frae of other cellular polypeptides. 




Biotinylated chroaosoae X alpha satellite DMA probe 
was obtained froa oncor (Gaithersburg, MD) . 

Probe diluted in sterile HilliQ (Millipore) h 2 o was 
denatured in a o.s al aicrocentrifuge tube in a 100-c 
heat block for 5 min, and the tube iaaedlately placed in 
an ice water bath. Approximately 5 ain prior to 
addition of denatured probe to the hybridization mixture 
the tube containing the probe was placed in ice im a 
freezer at -20*c. Theprobe hybridization aixture 
contains the following coaponents in a broad range of 
concentrations and is coabined in the order listed: 1 ul 
of lox RecA reaction buffer [10X RecA reaction buff- 
er.lOOmM Tris acetate P H 7.5 at 37-C, 20 aM aagnesiua 
acetate, 500 aM sodiua acetate, 10 aM DTT and 50% glycer- 
ol (Cheng)); 1.5.^1 ATP-yS froa 16.2 aM stock (3.24 and 
1.62 aM stocks can also be used), (Pharmacia) (rATP, 
dATP. GTPyS, or a combination of ATPys and ADP may be 
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used In some reactions); 0.75 pi 20 &M magnesium acetat ; 
4-60 ng (or more in some reactions) of denatured probe in 
sterile ddH^o or TS (20 mK Tris HC1, pH7.5, and 0.1 mK 
EDTA) ; RecA (when prepared in our own laboratory and the 
5 exact amount of" pi added varies depending oh 

concentration of stock, when purchased from Pharmacia, 
l«25 }il 0.137 xaK atocX) . The mixture was incubated at 
37 »C for 10 min followed by addition of 0.5 )il/reaction 
of 200 mM magnesium acetate. Final concentrations of 
10 reaction components are: 4.0 mK to 10 mM Tris acetate, 
2.0 mM to 15 mM magnesium acetate, 20,0 aM to 50 mK 
sodium acetate, 0.4 mM to 1.0 mM DTT, 2% to 5% glycerol, 

0.24 mK to 2.5 mK ATPyS, 0.005 mK to 0.02 mK RecA. 

15 EXMTOlS 3 

In situ Hybridization with Chromosome X Profen 

A. Preparation of HEp-2 cell Nuclei 

HEp-2 cells were originally derived from human male 
larynx epidermoid carcinoma tissue. HEp-2 is chromosome 

20 ploidy variable (Chen) . 

The cells were cultured for 24 hours after seeding 
in DUEK (Whittaker or gibco-BRL) supplemented with 10% 
FBS, sodium pyruvate and Penstrep antibotics mix at 37 # c 
under standard conditions. The cells were pelleted by 

25 low-speed centrifugation and gradually xesuspended in 75 
mM KC1 in a 37 *c water bath, and allowed to incubate for 
between 5 and 15 min for the desired amount of nuclear 
swelling to occur, followed by addition of 3:1 ice cold 
methanol: acetic acid and centrifugation at 6 # c. 

30 One ml of fluid was left in the tube with the 

pelleted cells, additional ice cold methanol: acetic acid 
was added, and the cells suspended by gentle mixing of 
the tube, followed by centrifugation. Repeated additions 
f methanol : acetic acid degrades cytoplasm and isolated 
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nuclei vera obtained by repeated additi ns or 

methanol: acetic acid followed by nixing end 

centrif ugation as above. (HEp-2 and other cell types may 

be fixed in alternative ways, some of which do not 

degrade fixed cytoplasmic structures) . 

Pinally, the preparation of nuclei was resuspended 
in 3:1 methanol: acetic acid at a concentration about 2 x 
10Val and is either dropped by pipette in 10 M i aliquots 
onto clean glass slides which were stored at -20»c, or 
the suspended nuclei or cell preparation are stored at 
-20 »c for later use. 

B. Nondenatured Nucleic Acid Target-Hybridization 



Ten ftl of probe mixture/reaction from Example z was 
applied to the rixed preparation on glass slides, class 
coverslips were placed over the hybridization areas and 
sealed with rubber cement, and reactions were incubated 
enclosed in a moist container in a 37 -c cOj incubator for 
20 between 1-4 hours. Following incubation, the rubber • 
cement was removed and the slides were washed in coplin 
jars 3 times for 10 mih each in 2X ssc (20X ssc: 3 m 
Nad, 0.3 k sodium citrate, pH 7.0 is used in all ssc 
containing preparations in these assays) in a water bath 
25 at 37 *c. other wash conditions may also be used. 

The slides were placed in preblocx solution [4X ssc, 
o.i* Triton x-ioo, 5% carnation nonfat dry milk, 2* 
normal goat serum (Gibco) , 0.02* sodium azide, pH 7.0) 
for 25 min at room tenperature (RT) , f ollowed„by 
30 immersion in 5 ug/ml FITC-avidin DCS, cell sorter grade 
(Vector, A-2011) in prebloc)c solution for. 25 min at RT. 
The slides were washed in 4X SSC, 4X SSC and 0.1* Triton 
X-100, and 4X ssc for 10 min each at RT, followed by 
brief rinsing in double-distilled HjO and dried. Antifade 
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was applied 1100 mg p-phenylenediamine dihydrochloride 
(Sigma P1519J in 10 ml PBS adjusted to pH 8 with 0.5 K 
carbonate-bicarbonate buffer (0.42 g HaHCOs adjusted to pH 
9 with HaOH in 10 ml dd^O) added to 90 mi glycerol, and 
5 0.22 um filtered], and antifade mounting medium and 

eoverslips vere placed over the preparations. Antifade 
containing; a counterstain such as propidium Iodide or 
OAPI was sometimes used instead of antifade alone. 
Figure 1A shows a f luoreseence micrograph of a cell 
10 nucleus from the above preparation (no signal 

amplification) . 

If necessary, signal amplification may be performed 
as follows: Slides ere washed for 5-10 min in 4 X SSC and 
0.1% Triton X-100 at RT to remove coverslips and 

IS antifade, followed by incubation in preblodc solution for 
up to 20 min, then are incubated with biotinylated goat 
anti-avidin antibody (Vector BA-0300) at a concentration 
of 5 ug/ml diluted in preblodc solution for 30 min at 
37«C. Slides are washed for 10 min each in « ssc, 4X 

20 SSC and 0.1* Triton X-100, 4X SSC at RT followed by 
incubation in preblodc solution for 20 min at RT, then 
isnnersed in preblodc solution with 5 ug/ml riTC-avidim 
for 20 min at ST. Slides are again washed in the 4X SSC 
series, briefly rinsed in dd H»0, and mounted with 

25 antifade or antifade with counterstain. 

C. Hybridization by Heat Denaturation of the Nucleic 
Acid Target. 

For cooperative purposes, in situ hybridization by 
30 heat denaturation of nuclear substrate was performed in 
parallel. Denatured labeled X chromosome probe was added 
to the nuclei, denatured on a slide under ONCOR 
protocols. The same nuclear preparations were used as in 
the nondenatured method. The signal amplification 
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procedure suggested by ONCOR was used to enhance the 
hybridization signal. Thereafter, the slide was 
maintained at 37 "C overnight. The procedures and 
materials generally followed that of the ONCOR Chromosome 

in situ Kit, Cat NO. S1370. 

Figure IB shows a fluorescence micrograph of a cell 
nucleus from the above signal amplified preparation. 



10 In aitU Hybridization with ehi-mn o SQtBa 7 Pr.^ 

Biotinylated DMA probe to chromosome 7 alpha 
satellite DKA was obtained from OKCOR. The probe was 
denatured and could be stored frozen for at least five 
weeks. 32 ng of denatured freshly thawed DNA probe in 16 

15 ul (1:2, probe :H,0, 2 ng/ul DMA) were added to the same 

amount of hybridization mixture and in the ease order 

given in Example 2. Following incubation of the probe 

mixture at 37 «C for 10 min and final addition of 0.5 ul 

200 mH magnesium acetate, the reaction contained a total 
of 21 ul. 

Probe was incubated on the nondenatured HEp-2 target 
cell nuclei (Example 3B) for 2.5 hours at 37 *c in a co, 
incubator followed by washing, blocking, and FlTC-avidin 
incubation exactly as described for probe to chromosome X 
in Example 3B. The time to conduct the experiment, in- 
cluding the ethanol series treatment of the slide was 
approximately 5 hours. Figure 2A shows a fluorescence 
micrograph of a cell nucleus from the treated 



20 



30 For comparison, the nuclei were reacted with 

chromosome 7 probe under heat-danaturation conditions, as 
in Example 3C. Briefly, 5 ng denatured probe to 
chromosome 7 alpha satellite DNA was combined with 
hybridization buffer (Hybrisol vi, ONCOR, as in Figure 
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IB) and denatured using- oncor pr tocois. i pi or the 
probe mixture was hybridized with HEp-2 cell nuclei for 
16 hours and the reaction treated according to oncor 
protocols, including signal amplification. Figure 2B 
shows a fluorescence photomicrograph of the treated 
denatured nuclei. 



10 Detection of Specific Chromosome Sequences 

in Methanol Fixed Interphase Nuclei 

A probe specific for the X chromosome alpha 
satellite DNA, Oncor probe stock (also used in Example 2) 

IS was diluted and denatured at 100 *C for 5 min, immediately 
placed in an ice-water bath (for approximately 15 min) 
and stored in a -20 # C freezer briefly (about 5 min) 
before addition to the hybridization mixture. The 
hybridization mixture was combined in the following order 

20 (components, concentrations, and mixtures are described 
in detail in Example 2) r 1 }il 10X RecA reaction buffer 
(see Example 2), 1.5 pi ATPyS (IS. 2 mK stock, Pharmacia}, 
0.75 jil magnesium acetate (20 mK stock), 12 jil of 
denatured probe (ONCOR) containing 60 ng in a 1:2 

25 dilution in Kfi (20 ng or more than 60 ng can also be 

used), RecA (0.137 mK stock, Pharmacia). The mixture was 
incubated in a 37 # C water bath for 10 min followed by 
addition of 0.5 jil 200 mK magnesium acetate. 

HEp-2 cells were fixed in 100* methanol- (or other 

30 appropriate solutions) at -20 # C at a concentration of 

approximately 2.5 x Uffwl. About 0.5 ml of the suspended 
cells (i.25 x 10*) were centrifuged in a "TOMY" centrifuge 
set at 6*C in a 1.5 ml microcentrifuge tube and 
resuspended followed by centrifugation in 200 fil to 1 ml 
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of 70%, 85% and 100% ica cold Eton. After the final 
centrlfugation and removal of 100% EtOH supernatant the 
pellet was resuspended in 200-500 ul IX RecA reaction 
buffer at RT, and placed In a 0.5 ml centrifuge tube and 
5 centrifuged. 

The completed probe mixture was mixed with the • 
pellet, and the tube placed in a 37 •C Water bath for 1.5- 
2.5 houra. Incubation vaa stopped by addition of 250 ul 
2 X SSC (prewarmed to 37-C) followed by centrlfugation. 
10 The pellet was resuspended in 2 X SSC (prewarmed to 37 «c) 
and incubated for 5 min at 37 »c. Following 
centrlfugation the pellet was resuspended in 500 ul 
blocking solution at RT for 20 min, then centrifuged and 
resuspended in 10 ug/ml FITC-avidin in 100 ul blocking 
15 solution at RT in the dark, for 20 min. The tube was 
centrifuged and 250 ul 4 X ssc mixed with the pellet, 
again centrifuged, and 250 ul 4 X ssc with o.l % Triton 
X-100 mixed with the pellet and again centrifuged with 
250 jU 4 x ssc all at room temperature. After a final 
20 centrlfugation the pellet was mixed with approximately 20 
si antifade. Specific signal was noted in approximately 
30% of the suspended cells. Note: Experiments using 
100% methanol fixed whole cells and/or fixed nuclei and 
other concentrations of different washing components have 
25 shown 50-90% reaction. 

The Figure 3A photomicrograph shows a dividing fixed 
HEp-2 cell nucleus, as viewed with a Zeiss LSM-io 
microscope, illustrating the symmetrically located 
FITC-labeled probe-bound centromeric targets The phase 
30 picture in Figure 3B below was taken of the same nucleus 
without changing the microscope focus . 

Example 6 

Detection of Specific Chromosomal DNX Sequences 
35 In Metanhase ghgonoaomeg 
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Biotlnylated pr be to chromosome i alpha-satellite 
centromeric sequences (pUC1.77: a 1.77 base pair- long 
human EcoBI fragment in the dna vector pUC9; Cooke f et 
al m ; Emmerich, e t al • ) vae prepared using the hKL 
5 NicX-translatidn System in the presence of bio-14-dATP 

(Gibco-BKL, Gaithersburg MD) » The nick translations were 
performed essentially as described by the manufacturer 
(BEL) with the following modification: twice the 
recommended amount of enzyme was added and the reaction 
10 was incubated at 15 # C for ihr 45 minutes. These nick 
translation reaction resulted in probes with an average 
single-strand size of approximately 300-400 bp. 

Hick-translated probes were precipitated In 0.3M 
sodium acetate In ethanol, resuspended in 10 mM'Tris-HCl 
15 pH7»5, O.lmM EDTA, and the DNA concentration was 
determined with the "DNA dipstick" (lnvitrogen> . 
Methanol: acetic acid fixed HZp-2 cells (mostly nuclei; 
prepared similarly to Example 3) mounted on slides were 
dehydrated by exposure to a series of 7a, 85, and 100% 
20 cold ethanol incubations. Dehydrated cells on slides 
were then pre incubated in lOmtf Tris-acetate buffer, pH 
7.5, at 60*C for 45 minutes while the RecA-coated 
chromosome 1 alpha- satellite centroaeric sequence probe 
mix was prepared. 
25 The 60*C preincubation treatment does not denature 

target. DKAs but it does Improve the efficiency of native 
RecA-mediated fluorescence in sltvt hybridization 
reactions performed on fixed cells on slides (from 5-20* 
to 60-82% improved hybridization) . The warme.d slide was 
30 cooled to 37 "C on a 37 *C surface before prepared probe 
mix was added to the fixed cell nuclei preparation. 
Cells were covered with a coverslip and the reaction was 
sealed with rubber cement* 

She DNA probe was heat denatured at 100*C in 5.16 fil 
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dd H,0 for 5 minut s, quick-cooled In an ice-water bath 
centrifuge* at 4-C in a -tomy- microcentrifuge for 20 
seconds to collect the liquid, and then immediately added 
to a mixture containing the other reaction components. 
5 Chromosome l probe was coated with RecA protein in a 

reaction mixture containing .1 M i of 10 x acetate reaction 
buffer (Cheng et al, 1988) , 1.5 pi of 16.2 mM atp y s 
(Sigma), 0.75 /il of 20 mM MgOAc, 0.59 pi of RecA (11.05 
, 1 M l of dna probe (50 ng/ M i) . ^ total volume 
10 of reaction mix after probe addition was 10 pi. The 

probe reaction mix was incubated at 37*c for 10 minutes 
and then 0.5 pi of 0.2 M MgOAc was added. Probe mix was 
then added to the buf rer- treated cell nuclei on slides at 
37 »C The reaction was covered with a covers lip, sealed 
15 with rubber cement and incubated in a moist chamber at 
37«c for 2 hr. 

Art * r M1 incubation with probe, the rubber cement 
was removed and the slide was washed 3X in 1.75X ssc 
(PH7.4) at 37«c, each wash was 10 minutes. The slide was 
incubated in filtered preblock solution (100 pi) at room 
temperature for 20 minutes, then with 5 pg/*l FITC-Avidin 
(Vector, DCS grade) in filtered preblock at room 
temperature for 20 minutes in the dark. 

Slides were washed at room temperature ix in 4X ssc 
IX in 4X SSC + 0.1* "TRITON X-100'», and then finally, in' 
IX in 4X ssc. slides were dipped into ddHjO briefly after 
the last wash and allowed to air dry. before coverslip 
addition, antifade was added and the cells were observed 
with a Zeiss lsm. 

Figure 12 shows the hybridization signal from the 
fixed HEp-2 metaphase chromosomes with the RecA- coated, 
biotinylatad, nick-translated probe to human chromosome 1 
alpha-satellite centromeric sequences. Under these 
conditions, 73* of the cell interphase nuclei including * 
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ReeA-Mftdtated Native Fluoregeenea Tn S j±u Hyfa jdizatlon 

Detection of Pnlmia p53 Owe 

iscr Gene * 



A. First Conditions: Figures 13A and 13B. 

10 1*25 x io' loot methanol fixed atcc HEp-2 (atcc j 

American Type Culture Collection, 12301 Parklawn Dr., 
RoOcvllle KD 20852) cells vera placed in a 
microcentrifuge tube and put through an ethanol series of 
70%, 85* and, 100%' (Lawrence, 1988 and 1990; Example 5) . 

15 The cells were pelleted between fixation steps. After the 
100% ethanol treatment step the cells vera saved as a 
pellet until just before addition of the ix acetate 
reaction buffer wash. All cell centrifugations between 
steps were for 30 seconds at 2.5 K in a "TOMX" 

20 microcentrifuges 

While probe is incubating with RecA protein, the 
pelleted cells are washed in IX acetate reaction buffer 
(Cheng et al, 1988) • The cells are pelleted again and as 
much of the buffer wash as possible was removed before 

25 the addition of the RecA-coated probe reaction mix. 

Probe was coated with RecA protein for 10 minutes at 
37 9 C in a mix containing 1 pi of 1GX acetate reaction 

buffer, 0.75 pL Of 0.02K MgOAC, 1.5 pi of 1.62 mK ATP-yS 

(Sigma), 0.59 pX of 11.02 pg/fil RecA, heat denatured 
30 probe £5 pi p53 probe (10 ng/pl; oncor Inc. / Gaithersburg 
MO) and 1.16 ftl ddHjO] . Before probe addition to washed 
cell pellet, 0.5 fil of 0.2M HgOAc was added to the probe 
mix. Cells were mixed with probe and incubated for 3 hr 
50 minutes at 37 *C. 
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After incubati n, cells were washed 3X in 1.75X ssc 
PH7.4 (250 ftl washes), then Incubated at room temperature 
for 20 minutes in filtered prebloclc, pelleted, and the 
prebloOc removed. This step was followed by incubation 
5 at room temperature for 20 minutes with 50 pi of filtered 
preblocK containing 5.0 /ig/ml pitc avidin. Cells were 
washed in 4X SSC, 4X SSC + 0.1% "TRITON X-ioo", 4x ssc, 
all pH7.4, (250^1/wash) . 

A small amount (e.g., approximately 20 ftl) of 
10 antifade was added to the final cell pellet and a portion 
of the calls were placed on a slide, covered with a 
coverslip, and observed using a Zeiss I.SM. Under these 
general conditions, 65* or more of the cells show bright 
p53 hybridisation signals (Figures 13A and 13B) . 

15 

B. Second Conditions: Figures 13C and 13D. 

All cells and cell washes were identical to Example 
7A. Probe was reacted with RecA as described above with 
the exception that the 0.02M MgOAc was omitted and 0.75 
20 pi ot ddHjO was added instead . Under these conditions, 
40% of the cells had bright hybridization signals 
(Figures 13 c and 13D) . 

C. Third Conditions: Figures 13 E and 13 F. 

25 All cell washes were identical to Example 7A. Probe 

was reacted as described above (Example 7 A) with the 
exception that probe coating mix contained 1.5 pi 16 • 2 mM 
ATP-yS, the reaction mix was incubated for 13 minute* at 
37 *C before addition of 0.5 pi 0.2mM KgOAc, RecA-coated 

30 probe was added to 1,25 x 10* 100% methanol fixed ATCC HCC 
"Alexander" cells and reacted for 3 hr 20 minutes at 
37 # C. Ceil washing after probe reaction was as described 
in Example 7 A except that cells were reacted with 50 pi 
of filtered preblocfc containing 10.0 pg/ml FITC-Avidin. 
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Under these conditions, 82* of the cells had bright 
hybridization signals (Figures 132 and 13F) . 

Examals s 

5 BSS&=aSdiadfesa HatAgS Fluorescence In Situ Hvbidig^lon 
Detection of Unique P53 Gene Sequences in g^n 

Nuclei on Slides 

Methanol: acetic acid fixed ATCC REp-2 cells on 
slides were reacted with RecA-coated p53 (Oncor) probe. 
10 Cells were washed and prepared for probe addition as 
described in Example 6 with the exception that the 45 
minutes incubation with 10 nM acetate buffer pH7.4 was 
omitted* 

pS3 probe DNA coating was done as described in 
15 Example 6 except that 1.5 /tl of 3.24 nM ATP7S, 0.59 /xl of 
5.51 pg//il RecA and 0.5 /xl containing 2U topoisomerase XX 
(United States Biochemicals Corp., Cleveland OH) were 
added, and half as much denatured probe was added [2.5 /tl 
(25 ng probe) in 3 . 66 jil dd H 2 03 . 
20 After probe coating with RecA protein, 0.5 ftl 0.2M 

MgOAc was added and the probe mix was applied to nuclei 
on slides. Hashing conditions after reaction with probe 
were as described for Example 6. Under these conditions, 
20% of the nuclei had bright hybridization signals 
25 (Figures 14A to 14D) • The number of Interphase nuclei 
with hybridization signals in this experiment is less 
than observed in Figure 12 (Example 6) — no buffer 
incubation step was included in this protocol. 

30 Example 9 

RecA-Madi ated Kative Fluores cence In Situ Hybridization 
- ne-feecfclon of HBV Nucleic Acid Sequences 
In ATCC Kee "Alexa nder" Cells In Suspension 
1 x 10 a f 100* ne-than 1 fixed Hcc cells/reaction are 
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plac d in 0.5 al sterile microfuge tubes, centrifuged for 
30 seconds at 2 K rpm in a "TOMY" microcentrifuge at 4-c, 
and the supernatant removed. 200 fil of ice-cold 70% EtOH 
is added, the treated cells are centrifuged at 4*c, the 
5 supernatant removed, the dehydration step repeated' and 
the sample centrifuged as above using, sequentially, 83% 
and 100% iced-cold EtOH. 

The cells are centrifuged and resuspended in 200 fil 
IX acetate reaction buffer (same as standard RecA acetate 
10 reaction buffer except, minus the glycerol) , centrifuged, 
and resuspended in same IX acetate reaction buffer (minus 
glycerol) . Immediately before the addition of the probe 
reaction mixture, the cells are incubated at 37 »c for 10 
minutes, centrifuged at room temperature and the 



Biotin-labeled KBV-speclf ic "BIOPROBE" was obtained 
from Enzo Diagnostics, Inc. (New York NY). This 
nick-translated probe is biotinylated with bio-11-dUTP, 
contains -the whole HBV genome (adr4 serotype) and 

20 double-stranded probe fragments average 250 bp in size. 

A second probe, pAM6, was obtained from the ATCC. 
pAM6 contains the whole HBV genome (adw serotype) in 
plasmid pBR322. pAH6 was labeled with bio-14-dXTP by 
nick-translation with the BRL Nick- trans lation System as 

25 described in Example 6. Heat denatured single-stranded 
probe averaged 300-500 bases in size. 

Both HBV probes were coated with RecA protein a 10 
fil reaction containing 1 fil 10X acetate reaction buffer 
(Cheng, et al, 1988) , 1.5 fil 3.24 mH ATP7S, 0.75 fil 20 mM 

30 MgOAc, 0.53 pi 5.5 fig/ftl RecA, and heat denatured probe 
(0.83 fil "BIOPROBE" (60 fig/ fil) was in 5.39 fil ddH,0; 5 fil 

pAH6 probe (10 /tg/pl) was in 1.22 fil ddH 2 0] . Probe 
coating reactions were incubated at 37 # c for 10 minutes , 

then 0*5 pi of 0.2M HgOAc stock s lution was added and 
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the probe mixes were add d to the prepared c 11 pellets. 

The prepared probe mixes were individually added to 
separate cell samples and incubated at 27* C in vaterbath 
5 for 2 hours. The reaction was stopped by the addition of 
2S0 pi 1.75X SSC (pK 7.4) at 37 # C. Each sample was 
mixed, the cells pelleted and the supernatant removed. 
250 pi of 1.75X ssc was added and the samples incubated 
at 37 *C for 5 minutes. This wash was then repeated. The 
10 cells were pelleted and to each sample 300 pi of filtered 
preblocJc was added. The samples were incubated at room 
temperature for 20 minutes. The cells were pelleted and 



30 



To the 'samples 90 pi of 5 ftg/ml FXTC-Avidin In 
filtered preblock was added. The samples were incubated 
at room temperature In the dark for 20 minutes. She 
samples were then pelleted and the supernatant removed. 
To each sample 250 /tl 4X SSC was added, the sample mixed 
gently, and the cells pelleted. The supernatant was 
20 removed and 250 /il 4X SSC + 0.1% H TRIT0H X-100" added. 

Pellet cells, remove supernatant, add 250 pi 4X SSC. The 
cells were pelleted, supernatant removed, the pellet air 
dried, and 20 /tl of antifade added. The samples were 
then examined using a Zeiss LSK. 

Figures 15A and 15B show the results of the above 
hybridizations using *BIOFROBE": 81% of the cells had 
hybridization signals. Figures 15C to 15E show the 
results of the above hybridizations using the pAH6 prober 
es* af the cells had hybridization signali 



Example 10 

specif lclt» of hbv Tare 
TT*4ng Mati vft Fluorescence In 



<n Human HCG Mlm *w Cmratttitlon KV»r1 <UWtlQn 

35 A. Preparation f probes for competition assay. 
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Both biotinylated and unlabeled pAM6 (ATCC) and 
0X174 RFI (New England Biolabs) DNAs were prepared by 
nick-translation using the brl Nick-translation System. 
Nick-translation was carried out essentially as described 
5 in Example 6, except that reactions for producing 

unlabeled ONAs contained dATP in place of bio-14-dATP. 

Each competition reaction used 1 X lo« loo* methanol 
fixed cells and contained 30 ng of biotinylated P AM6 HBV 
probe DNA and 240 ng of competitor DNA. • Biotinylated HBV 

10 probe DNA and unlabeled competitor DNAs were coated with 
RecA in separate reactions. After RecA coating, the Kg** 
ion concentration of each reaction was adjusted by adding 
0.5 m1 of 0.2mK MgOAc per 10 pi of coating reaction. 
Than 10.5 ill of ReeA-coated bio-pANe probe (30 ng of DNA) 

15 was mixed with an equal volume of RecA-coated competitor 
DNA (240 ng) . The final volume of each mixture of 
RecA-coated biotinylated HBV probe and competitor DNA vas 
21 si. 

All biotinylated pAM6 DNA vas coated with RecA and 
prepared for use in a single reaction, 10.5 si of which 
was used for each competition experiment. Coating of all 
the biotinylated pAH6 probe in one reaction insured that 
there were no differences between reactions other than 
the DNA competitors. To allow proper RecA coating,, both 
25 probe and competitor DNA coating reactions contained the 
same average RecA to nucleotide ratio (1 RecA protein 
monomer: 2 nucleotides). 

All the biotinylated pAMS probe was coated with RecA 
in a reaction containing 4 pi of lox acetate .reaction 
buffer (Cheng, et al, 1988), 6 pi of 3.24 mM ATP7S, 3 pi 
of 20 mM MgOAc, 3.16 si of 2.2 pg/pl RecA, and 12 pi of 
10 ng/pl-bio-pAMS probe (which was heat denatured in 
11.84 pi ddHjO). 

Each competitor RecA DNA pr be coating mix contained 



20 
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1 /tl of 10X acetate r action buffer, 1.5 /tl 3.24 mM 
ATP-yS, 0.75 /tl 20 mM MgOAc, 1.25 /tl 11.05 /tg//tl RecA, and 
either 4. a /tl of 50 ng//tl competitor DMA heat denatured 
in 0.7 /tl ddHjO (non-biotinylated *X174 or non- 
5 biotinylated pAH6) ■, or 2.4 /tl of 5 /tg//tl non-biotinylated 
placenta DMA ("BlOCJCnr"; Oncer) heat denatured in 3.1 pi 
ddHjO. 

All probes were heat denatured at 100 «c for 5 
minutes, cooled in ice-water approximately 20 sec, spun 
10 in a 4*C microcentrifuge to collect all the liquid and 
immediately added to their respective RecA reaction 



Probes were coated with RecA for 15 minutes at 37 -c 
and then 0.5 /tl of 0.2M MgOAc was added/ 10 /tl DMA 



B. Reaction Mixtures. 

The -20*C stored methanol-fixed cells were prepared 
for fluorescence In situ hybridization as previously 

20 described in Example 9 by dehydrating through a series of 
cold EtOH washes, followed by 2 times washes in IX acetate 
reaction buffer (minus glycerol) . Cells were incubated 
in the last wash buffer for 10 minutes at 37- c before 
buffer was removed and the 21 /tl of RecA-coated 

25 biotinylated probe and competitor DMA mixtures were added 

to the cell pellets. 

Probes were reacted with cells in a 37* c water bath 
for 3 hrs. Reactions were stopped by addition of 250 /tl 
1.75X SSC CPK7.4) at 37«C, mixed, centrifuge*, at room 
30 temperature (R T ) to pellet cells, and supernatant 

removed. Cells were washed twice with 250 /tl 1-75X ssc 
at 37'C-for 5 minutes then spun down and the supernatant 



300 /tl filter d preblocfc was added to treated, 



WO, 93/051 n 



PCT/JP92/01128 



10 



15 



20 



25 



30 



51 

washed cells and incubated at RT for 20 minutes. After 
centrifugation and supernatant removal, 90 M i of 5 /zg/ml 
FITC-Avidin in filtered preblock was added to each 
reaction, incubated at room temperature for 2 0 minutes in 
the -dark. FITC-Avidin was removed after cells were 
pelleted by centrifugation. Reacted cells were washed 
consecutively in 4X SSC (pH7.4) mixed gently with the 
cells, 250 y.\ 4X SSC + 0.1% "TRITON X— 100" and 250 M l 4X 
SSC. After each wash, cells were pelleted and the wash 
liquid removed. 

After the final wash, the cells were air dried and 
approximately 20 M l of antifade was added to each cell 
reaction, cells were mounted on slides, covered with a 
coverslip and examined with the Zeiss LSM. cells 
containing moderate to bright hybridization signal (s) 
were scored as positive for hybridization (see Table l) . 

Table 1 

specificity of HBV fluorescence in situ hybridization 

in human HCC cells 



■ 



Competing 
DNA a 


#Cells with strong 

FITC FISH* 
Hybridization 
Signal 


0 Cells 
Counted 


% Cells with strong 

FITC FISH Hybridi- 
zation Signal 


HBV 


I 


154 


° b 




39 


105 


37.1 


| Placenta 


30 


99 j 


30.3 



.Nonbiotiny lated . 

b 4.5% of these cells showed very faint FITC hybridization. 
Whereas FITC signals with the other comoeting DNAs were 
easily visible using the fluorescence microscope alone 
the signals with this sample were only visible when <s 
nm argon-ion laser illumination was used. 

* fluorescence in sizu hybridization. 



/ 

B 
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The results presented in Table l show -Lhar only 
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homologous HBV DNA, not: heterologous DNAs, specifically 
comperes with the biotinylated HBV dna probe signal. 

The cells shown in Figures 16A to 16C are from the 
competition experiments described in Table l. in Figure 
5 16: 16 A , Biotinylated HBV probe + excess unlabeled HBV 
probe DMA; 16B, Bio tiny lated HBV probe + excess unlabeled 
0X174 DMA; 16C, Bio tiny lated HBV probe + excess unlabeled 
human placenta DMA ( l, BLOCKIT M ; oncor ) . FITC probe 
signals were observed with a Zeiss LSM in laser scanning 
10 mode. 

The observed FITC signals from the HBV probes are 
shown superimposed on the phase images of the cells. 
Several cells from each experiment are shown. It is 
clear from the signal and cell images that homologous HBV 
DMA specifically competes with the biotinylated HBV DNA 
probe signal but heterologous DMA does not compete. 



Although the invention has been described with 
20 respect -to particular protocols and applications, it will 
be appreciated that a variety of changes and 
modifications may be made without departing from the 
invention. 
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1. A method of identifying th. r.^- 

contain.., In . ti x .* e.l lttl « or J^^f » cl ? 

structure, in . define " 

th. .tructure, coaprLin, «l»tionship with 

•doing to the structure a B ,„w_ 
K.=A protein stobly boona ^''. a , SSSJL "~ °* 

tab— pro* vM=n i, --^-JS^TS 'v 

«— coition, in wnich^tn. ^-fceT" 
oontect the aupi.* nucleic taPg , t> M ' PlB£ can 

allowing ta» complex to bind to the t.r™» „ 
under non-d.n.turin, condition., " qaM « 




20 



30 



removing unbound complex from said «ruoture a 
examining the structure for the presence Z 1*1 
reporter-labeled prohe hound to the nLleiTacL 

stablLer^ 0 ! ° C ° lai " Vhereln «» is 
^anni 2 ed by the presence of a cofactor selected frcan 

the group consisting of ATP 7 s, GTPyS, ATP, dATP and a 
combination of ATPys and ADP. * 

let ^ ^ aeth ° d °* Clain X ' Wherein sa " P"be is 
labeled with a ligand reporter, and said examLi^g 

includes adding to the structure, specific lig^T 
said ixgand, and having a detectable reporter group. 
4. The method of claim l, for detecting "the 
11112" ? h ° St CeU ' ° f * Path °^ ic foreign) target 

2 x t T acld sequeftce ' wherein Mld c -p^ i- 

added to the cells under conditions of host cell 
fixati n, and said examining includes detecting the 
Pres nee of a pr be-bound rep rter in said fixed cells. 
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5. The method of claim i, vherein said examining 
des detecting a fluorescent reporter bound to the 
-labeled probe bound to the nucleic acid using 
microscopy or a fluorescence activated cell 
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target duplex nucleic seguence integrated in J a host- 
cell genome, wherein said complex is added to the 
chromosomes of the cell, and said examining includes 
examining the chromosomes microscopically to determine 
the relative position of reporter-labeled probe in 
relation to chromosome ultra structure . 

7, The method of claim 6, wherein said chromosomes 
are lebeled with one fluorescence reporter, said probe is 
labeled with a second fluorescence reporter, and said 
examining includes viewing the cells by fluorescence 

microscopy separately at wavelengths effective to excite 

fluorescence in each of the two reporters. 

8. The method of claim 6, for localizing the target 
seguence in a selected chromosome, which further includes 
adding to the structure a second probe complex coi 
of RecA protein stably bound to a single-stranded, 
reporter-labeled nucleic acid probe which is 
complementary to a duplex strand in a known region of the 
selected chromosome, and said examining includes 
determining the relative positions of reporters 
associated with each of the two complexes. 



9« The method of claim 8, wherein 
mentioned- complex and the second complex are labeled with 
different fluorescence reporters, and said examining 
includes viewing the cells by fluorescence microscopy 
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£ ru^! tely ^ VaVelCn5ths e ««tive to excite 
fluorescence in each of the two reporters. 

10. The nethod of claia i r which 
structure prior to said adding. 



11. The aethod of claim l, which 

•m** *». probe ,w to ssit ^it l r:r: s 
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. *- uu wie target by additi«« 

the deoxynucieotlde. include. . reports i^." 



IS. A method of Identifying the present . 
viral nucl.ic w BeqMne . J^i-fTT^ *"» 

adding to the structure, a probe complex cmma^ . 

*» complementary to the viral nu"etc 
^t .«^en= a , und.r condition, in which the complex 
can contact the nucleic acid target, «»Plex 

allowing the complex to hind to the *,,„„.. . 
und« non-dcnaturm, condition., ' 

removing COTpl . x teM aM 

r.».«r, k "ructure for the pr..„c. of the 

reporter-labeled probe bound to the nucleic acid. 

taro*^ " eth0d ° f ^ Whera the ^own viral 

target is a seguence derived from hepatitis B virus. 

W. The aethod of claia 12, where the fixed 
structures are incubated in 10 a* Tris-acetate bx 
pH7.s,.at 55-fio-c before the addition of the RecA 

conn l v . 
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*• meth d of claim 12, wherein the complex is 
by the presence of a cofactor selected from 
group consisting of ATP 7 s, fiT p yS , m , ^ aad 
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IS. The method. of claim 12, wherein said probe is 
labeled with a ligand reporter, and said examining 
includes adding to the structure, specific ligand 
molecule, effective to stably bind to said ligand, and 
having a detectable reporter group. 

17. The method of claim 16, wherein said ligand 
reporter is digoxigenin or bietin and said ligand 
molecule is selected from the group consisting of an 
antibody, avldin and streptavidin. 



18. The method of claim 12, wherein said A 

includes detecting a fluorescent reporter bound to the 



3 n ««.k "7 lab#led P robe bou «* to the nucleic acid using 
20 either microscopy or a fluorescence activated cell 



l». The method of claim 12, for localizing a 
- target duplex nucleic acid sequence integrated 
into a host-cell genome, wherein said complex is added to 



chromosomes of the cell, and said examining includes 
examining the chromosomes microscopically to determine 
the relative position of reporter-labeled probe in 
relation to chromosome ultras tructure. 

30 

20. a kit for the practice of the method of claim 
12, comprising 

a RecA-protein coated DNA probe derived from the 
viral nucleic acid sequences . 

35 



WO, 93/05177 PCT/JP92/0I128 

57 

fr m hepatitis b virus sequences. 

« 

22. The kit of claim 20, where the probe is 
5 reporter labeled. 

^ «.<"" ^ °* Claia 22 ' ^ "Poster is 

biotin or digoxigenih. 
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24. The kit of claim 20, where the kit further 
includes mean, of detecting the binding of the probe to 
the known viral nucleic acid sequences in a sample and 
said means of detection includes detecting a fluorescent 
reporter bound to the reporter-labeled probe bound to the 
nucleic acid using either microscopy or a fluorescence 



25. A method of detecting a single copy nucleic 
acid sequence contained in a cellular or subcellular 
20 biological structure, comprising 

fixing the cellular or subcellular biological 



adding to the structure, a probe complex composed of 
RecA protein stably bound to a single-stranded, reporter- 
labeled probe which is complementary to the single-copy 
nucleic acid target sequence, under conditions in which 
the complex can contact the nucleic acid target, 

allowing the complex to bind to the target sequence" 
under non-denaturing conditions, 

removing unbound complex from said structure, and " 
examining the structure for the presence of the 
reporter-labeled probe bound to the nucleic acid. 

26. The method of claim 25, where said fixing is in 
35 solution or on a slide. 
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27. The method of claim 25 , where said fixing 
includes incubatation of the fixed structures in 10 mM 
Tris-acetate buffer, pH7.5, at 55-6Q°C. 

5 28. The method of claim 25, where said allowing the 

complex to bind to the target sequence under non- 
denaturing conditions is carried out for less than 2 
hours . 

TO 29. The method of claim 25, where said adding 

includes the addition of accessory proteins. 

3 0. The method of claim 29, where said accessory 
proteins are topoisomerase X or topoisomerase II • 

15 

31 . The method of claim 1 , where said fixed struc- 
tures are in solution or on a slide. 

32. The method of claim 1, where said fixed struc- 
20 tures are incubated in 10 ml* Trie-acetate buffer, 

pH 7,5, at 55-60*C before the addition of said RecA 
probe complex. 

33. The method of claim 1, where said allowing the 
25 complex to bind to the target sequence under non- 
denaturing conditions is carried out for less than 2 
hours. 

34. The method of claim 1, where said adding 
30 includes the addition of accessory proteins. _ 

* 

* 

35. The method of claim 34, where said accessory 
proteins are topoisomerase I or topoisomerase II. 

35 36. The method of claim 12, where said fixed 
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structures are in s lutton or on a slid 

37. The method of claim 12, where said allowing 

the complex to bind to the target sequence under non- 

5 denaturing conditions is carried, out for less than 2 

hour s . 

38. The method of claim 12, where said adding 
includes the addition of accessory proteins. 
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39. The method of claim 38, where said accessory 
proteins are topoisomerasa I or topoisomerase II. 

40. The method of claim 25, wherein the complex is 
stsbilized by the presence of a cof actor selected from 
the group consisting of ATP r S, GTiys, ATP, dATP and a 
combination of ATP^S and ADP. 

41. The method of claim 25, wherein said probe is 
labeled with a ligand reporter, and said examining 
includes adding to the structure, specific ligand 
molecule, effective to stably bind to said ligand, and 
having a detectable reporter group. 

25 42 * Tho method of claim 41, wherein said ligand 

reporter is digoxigenin or biotin and said ligand 
molecule is selected from the group consisting of an 
antibody, avidin and streptavidin. 
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43. The method of claim 25, wherein said examining 
includes detecting a fluorescent reporter bound to the 
reporter-labeled probe bound to the nucleic acid using 
either microscopy or a f luorescenece activated cell 
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44. The method of claim 25, for localizing a 
selected target duplex nucleic acid sequence integrated 
into a host-cell genome, wherein said complex is added 
to the chromosomes of the cell, and said examining 



determine the relative position of reporter-labeled 
probe in relation to chromosome ultrastructure* 

45. A kit for the practice of the method of claim 
to 25, comprising 

a RecA-protein coated DNA probe derived from the 



46. The kit of claim 45, where the probe is de- 
is tlvtsd iron p93 tumor 



47. The kit of claim 45 , where the probe is re* 



20 48. The kit of claim 47, where reporter is blotin 



49. The kit of claim 45, where the kit further 
includes means of detecting the binding of the probe to 
25 the single copy nucleic acid sequences in a sample and 
said means of detection includes detecting a fluores- 
cent reporter bound to the reporter-labeled probe bound 
to the nucleic acid using either microscopy or a f luo- 
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